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Background: School children (5–17 years) function as vectors in influenza epidemics. The
objective of this study was to quantify the burden of influenza-like illness (ILI) on US
healthy households with school-aged children.
Methods: The Medical Expenditure Panel Survey database of 1996–2002 was queried to
compare annual total medical expenses and absenteeism incurred by otherwise healthy
households with school-aged children that reported experiencing ILI to similar households
that did not experience ILI.
Results: We identified 12,850 healthy households with at least one school-aged child.
Households reporting one or more ILI episodes incurred $281.47 higher total annual
medical expenses than those without an ILI. Employed members in households with ILI lost
an average of 1.12 more workdays from their illness compared to those in the households
without ILI. Furthermore, households with ILI in which all members were employed and
medically insured lost an additional 0.89 workdays due to caring for other ill household
members. School children in households with ILI missed 1.91 more school days annually and
4.87 more school days if the household had three or more students. The total annual
additional cost to a household experiencing ILI, including medical expenses and
productivity losses was $538.75 for fully employed and insured households and $424.83
if one or more members were unemployed or uninsured.
Conclusions: ILI increase economic burden among households with school-aged children
and lead to more school and workdays lost. Initiatives to vaccinate school-aged children
should be explored.
& 2006 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Influenza is a serious respiratory illness with a high attack
rate among children and a high rate of complications among
the elderly.1 According to the United States Centers for
Disease Control and Prevention (CDC), 5–20% of the US
population gets influenza, on average, each year. Reported
incidence rates for influenza in children vary widely from
season to season and by population studied.2 In the study
conducted by the CDC-sponsored New Vaccine Surveillance
Network, outpatient visits attributable to influenza during
two seasons accounted for 10.2–19.4% for children younger
than 5 years, which were 10–250 times as high as
hospitalization associated with influenza.3 During influenza
epidemics, the attack rate may be higher than 30% for
school-aged children and 40% for preschool children.4
School-aged children have high rates of influenza infection
and are also the main vectors in the dissemination of
influenza infection within households and the community.5–8
The total cost of influenza is estimated to be between $11
billion and $18 billion per year in the US,9 and includes costs
related to physician visits and other medical resource use,
increased use of medications, lost productivity due to
Workdays missed because of one’s own illness or caring for
a household member, and loss of future earnings due to
mortality.10–14 The economic burden and absenteeism asso-
ciated with influenza in households with school-aged children
is likely to be high, but has not been adequately quantified.
The purpose of this study was to quantify the economic
burden and absenteeism associated with influenza-like
illnesses (ILI) in US healthy households with school-aged
children (5–17 years). Because the Medical Expenditure
Panel Survey (MEPS) is conducted on a nationally represen-
tative sample, this study provides estimates of burden
associated with ILI among US civilian non-institutionalized
healthy households with school age children.
Methods
Study design
We conducted a retrospective cohort study using data from
the MEPS, an ongoing survey conducted by the Agency for
Healthcare Research and Quality (AHRQ) of the US Depart-
ment of Health and Human Services from 1996 to 2002.
AHRQ queries a nationally representative sample of the US
civilian non-institutionalized population through a series of
interviews spanning 2.5 years. A new series begins each year
using a new set of sample households to provide overlapping
and continuous panel survey data. Detailed information
about the use of and expenditures for medical services for
all self-reported health conditions is captured with standard
International Classification of Diseases, 9th Revision Clinical
Modification (ICD-9 CM) and clinically meaningful coding
categories (CCC) as well as Workdays and school days lost
owing to illness or injury and Workdays missed to care for
another ill household member. We examined households
with two or more members in which there was at least one
child aged 5–17 years.
Expenditures in MEPS are defined as the sum of direct
payments for care provided during the year, including out-of-pocket payment, such as the payment or co-payment for
prescribed drugs as well as healthcare utilization and
payment by private insurance, Medicaid, Medicare, and
other sources. Payment for over-the-counter drugs and for
alternative care services, such as acupuncture and chir-
opractic care, is not included. The use of and payment for
each of the health services can be linked to demographic,
employment, economic, health status, and other character-
istics of survey households.
Annual full-year consolidated data, medical conditions,
prescribed medicines, hospital inpatient stays, emergency
room visits, outpatient department and office-based med-
ical provider visit files from 1996 through 2002, appendix
files in 1997 and 1998, and the 1996–2002 pooled estimation
linkage file were used for this analysis. These public use files
can be linked to a condition, an event, a person, and/or a
household.
Sample selection and definitions
MEPS conducts three rounds of interviews in a year. During
each round, the household respondent was asked to rate
each family member’s physical and mental health status,
respectively into the following categories: excellent, very
good, good, fair and poor. A healthy member was defined as
such: the perceived physical and mental health status of the
member was categorized as ‘‘excellent’’, ‘‘very good’’ or
‘‘good’’ through all three interviews each year. The house-
hold in which all family members were reported to be
healthy was considered a healthy household. To eliminate
the possibility of bias owing to differences in costs between
the two compared groups, unhealthy households were
excluded.
Households were classified as either having had ILI or not
based on self-reported medical conditions. If any member of
the household had a medical condition with the ICD-9
diagnosis code of 487 or the CCC code of 123, the entire
household was classified as having had ILI.
Because MEPS collects information on employment and
student status for individuals 16 years or older, students, in
this study, were defined as all children aged 5–15 years and
children aged 16–17 years whose status was explicitly listed
as ‘‘student’’ in the MEPS datasets. Age and family size used
in the analyses was the status as of December 31 of each
survey year.
A medically insured household is defined as that in which
all household members had full or partial year insurance
coverage.
Analytical approach
The files used in this study were merged by dwelling unit
identifier and person identifier. Numerous binary variables,
which indicate households’ demographics and medical care
use were generated and compared between the households
with and without self-reported ILI. The differences between
two comparison groups were evaluated by w2 and Cochran–-
Mantel–Haenszel statistical tests. Each of the following four
measures was aggregated within the household and eval-
uated: total payment for medical care received (excluding
over-the-counter drugs and alternative care services),
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because of illness or injury, and Workdays lost to care for
another member’s medical problem.
The data on weekly national average wages in the US
between 1996 and 2002 were obtained from the US Bureau
of Labor Statistics (BLS) web site.15 The national average
daily wage over that 7-year period was computed from the
mean of published data for all sizes/all industries annual
average weekly wages. The dollar value of lost productivity
due to household members’ own illness or the need to care
for other ill members was estimated by multiplying the
average daily wage by the number of missed workdays.
Household level data were fitted into multiple linear
regression models by each measure as a response variable.
Cluster effect was considered and robust variances were
estimated using the approach of generalized estimating
equations with independent working correlations structure.
The sample weight for households in each annual Consoli-
dated File was adjusted by dividing by seven, i.e. the total
number of years from 1996 to 2002. First, data were fit to
the full model with all possible independent variables of
cost driving factors as well as characteristics for households
(see footnote at Table 3 for list of independent variables in
the full model). A series of nested models were examined.
The final models were defined through a series of fitting and
refitting regression procedures. In these procedures, Wald w2
with Satterthwaite correction for degrees of freedom and F-
statistic based on Wald w2 with adjusted denominator
degrees of freedom were the statistical tests and multiple
R2was used as a referring statistic. Possible interaction
terms were also tested in the model.
SAS Version 9 (SAS Institute, Cary, NC) was used to analyze
the datasets, and SUDAAN, version 9 (Research Triangle
Institute, Research Triangle Park, NC) was employed for the
final statistical computation as well as multiple linear
regression procedures because SUDAAN can incorporate
the sampling design information and generate robust
estimates of variance.
Results
Demographic characteristics and medical care
utilization
We found 12,850 healthy households with school children.
Using the weight for creating family-level estimates from
the MEPS, this sample is representative of 17,574,664 US
healthy civilian non-institutional households. Among the
identified population, 14.3% of households reported that at
least one member had ILI in a survey year and 31.4% of those
households that experienced ILI reported seeking medical
care. Households that experienced ILI were statistically
significantly larger and were more likely to have five or more
household members compared to households that did not
experience ILI. They also had more students 5–17 years old
and were less likely to be single-parent households. House-
holds reporting ILI were significantly more likely to have
medical insurance coverage and to live outside of metropo-
litan areas than the households without ILI (Table 1).
No statistically significant difference was detected
between households with and without ILI with respect toother demographic characteristics, such as the proportion of
households with unemployed members, with more than two
adult members, with more than two paid workers, with
retired members, and with income below the poverty line.
Table 2 summarizes the percentage of households that
received medical care for any reason by the ILI status of the
households. Households that experienced ILI had signifi-
cantly more emergency room, physician office, and out-
patient department visits and received more prescribed
medications for any reason than households without ILI (all
Po0.05 for between-group comparisons). However, the
percentages of households with hospitalization, inpatient
and outpatient operations, and surgical procedures in a
physician’s office were not statistically significantly differ-
ent between households with and without reported ILI.
Correlation of cost factors with ILI
The coefficients and 95% confidence interval (CI) for the
terms that were ILI relevant in each model are shown in
Table 3 along with the confounding variables identified
through the multiple linear regression procedures. Control-
ling for all of the confounding variables, households with ILI
annually incurred $281.47 (95% CI, 75.70–487.24) higher
average total payments for medical care for all conditions
(excluding over-the-counter medications) than households
without ILI.
Employed members in the households that reported
experiencing ILI lost 1.12 more Workdays (95% CI,
0.20–2.04) each year, owing to one’s own illness or injury
compared with those in the households that did not report
having experienced ILI.
Workdays lost while caring for other ill or injured
household members were mediated by two other variables:
medical insurance coverage and employment status of the
household. Among the households in which all members
were medically insured and all eligible members were
employed (56% of total sample), households with ILI missed,
on average, 0.89 (95% CI: 0.48–1.30) more workdays
annually than the comparison households. If one or more
household members were not medically insured or were
unemployed, the difference in workdays lost to caring for
other ill household members was not statistically significant.
School absenteeism with ILI
After controlling for identified confounding factors (see
Table 3), households with ILI reported more missed school
days. The scale of this effect depended on the number of
students in the household. If households that experienced ILI
had two or fewer students, they lost 1.91 (95% CI,
1.54–2.28) more total school days annually, on average,
than similar households without ILI. Households with more
than two school-aged children annually missed a total of
4.87 (95% CI, 3.03–6.71) more school days.
Economic burden incurred by households with ILI
The national average wage for all industries and all sizes
from 1996 to 2002 was $128 per day based on data from the
BLS. The additional cost to a household with ILI due to
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Table 1 Sociodemographic characteristics of healthy households with school-aged children (5–17 year) by influenza status,
1996–2002.
Characteristics of households Not experiencing influenza (%7SE) Experiencing influenza (%7SE)
More family members (44) 25.7870.62 29.6671.32
More adults (42) 15.8570.52 14.5471.05
More workers (42) 16.3470.51 16.1671.11
More students aged 5–17 yr (42) 10.7870.42 12.8670.91
Below poverty-line 5.1470.32 4.0970.52
Medically insured 82.0970.62 84.5470.98
Metropolitan areas 81.1071.05 77.6471.87
None retired 98.6470.13 98.9370.28
Single parent 24.3070.63 18.3171.18
Unemployed 27.9870.70 25.1571.42
SE ¼ standard error.
Po0.05 by w2 and Cochran–Mantel–Haenszel tests for the differences between groups.
Table 2 Use of medical services for any reason by influenza status, healthy households with school-aged children
(5–17 Year), 1996–2002.
Medical care utilization Not experiencing influenza (%7SE) Experiencing influenza (%7SE)
ER visits 28.7370.57 32.6971.22
Hospitalization 8.8870.37 8.0070.66
Outpatient visits 24.4670.46 31.0170.18
Physician office visits 91.0370.40 95.2970.54
Prescribed medications 87.3970.46 91.3870.83
Inpatient surgeries 5.2170.30 4.6370.48
Outpatient surgeries 6.6870.29 8.2870.79
Surgeries in physician office 5.6670.30 6.7370.66
ER ¼ emergency room; SE ¼ standard error.
Po0.05 by w2 and Cochran–Mantel–Haenszel tests for the differences between groups.
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households with ILI, the dollar value of workdays lost as a
result of members’ own illness was an additional $143.36
($128 1.12 days). For workdays missed by caring for other
family members, households with ILI in which all members
were fully employed and insured lost an additional $113.92
($128 0.89 days) compared with households without ILI.
The total annual average additional cost, including
medical care payments (excluding over-the-counter medi-
cations) and lost productivity, was higher among households
with ILI, but the magnitude of that difference varied with
employment status and household medical insurance cover-
age. The estimated total annual average additional cost for
households with ILI was $424.83 if one or more household
members were unemployed or medically uninsured. Total
average annual cost for households with ILI was $538.75
higher if all eligible household members were employed and
everyone had medical insurance coverage.Discussion
High rates of healthcare utilization by persons with influenza
have been extensively documented.3,4,10,12,16 The estimatesof the direct costs of influenza illness in children10 and total
costs of influenza to society9 as well as the burden borne by
households of children with influenza14 have been reported.
However, to our knowledge, this is the first study to attempt
to quantify the costs of ILI in healthy US households with
children 5–17 years of age.
In our study, households reporting ILI were significantly
larger than households not reporting ILI. They were more
likely to have five or more household members and three or
more students 5–17 years of age. These observations are
consistent with our current understanding of the epidemiol-
ogy of influenza transmission within families and commu-
nities. During an influenza epidemic, illness is typically seen
first in school-aged children and is associated with a
concomitant increase in school absenteeism.17 Illness in
the adult population follows and is associated with a rise in
industrial absenteeism.17
Households with ILI were more likely to have medical
insurance coverage and less likely to be single-parent
households. They also tended to use more ambulatory
medical care and receive more prescribed medications for
any medical reason. Use of these medical services may have
been affected by medical insurance coverage as well as the
number of parents in the household since medically
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Table 3 Coefficients and confounding variables by model for healthy households with school-aged children, 1996–2002.
Model/term Coefficient 95% CI Confounding variables
Medical payment for all conditions
(dollars)
Poverty, insured, single-
parent, number workers, ER
visit, hospitalization,
inpatient, outpatient and
physician office surgery
Influenza 281.47# 75.70–487.24
Workdays lost (days, own illness or
injury)
Unemployment, number
students, single-parents, ER
visit, hospitalization,
inpatient and outpatient
surgery
Influenza 1.12# 0.20–2.04
Workdays lost (days, caring for
others)
Poverty, insured,
unemployment, family size,
number workers, number
adults, number students, ER
visit, hospitalization,
outpatient and physician
office surgery
Influenza and employed and
medically insured
0.89# 0.48–1.30
Influenza and employed and
medically uninsured
0.11 0.4–0.62
Influenza and unemployed and
medically insured
0.13 0.24–0.50
Influenza and unemployed and
medically uninsured
0.14 0.41–0.13
School days missed (days, own illness
or injury)
Unemployment, number
students, single parents, ER
visit, hospitalization,
insured, family size and
outpatient surgery
Influenza and more students (X3) 4.87# 3.03–6.71
Influenza and less students (p2) 1.91# 1.54–2.28
CI ¼ confidence interval; ER ¼ emergency room.
List of independent variables in the full model: Reported influenza status, family size, medical insurance status metropolitan
statistical area (MSA), more than two adults, more than two employed workers, more than two students, retired, single parent,
unemployed, below the poverty line, emergency room visit, inpatient stay, surgeries during inpatient stay, outpatient surgeries,
emergency room surgical procedures, and surgical procedures in physician’s office.
#Po0.05 by Wald w2 and F-statistic tests regarding the null hypothesis for coefficient in multiple linear regression model.
S. Li, S. Leader1248uninsured and single-parent households may be less able to
pay for medical care or have the time to seek it.
Alternatively, insured households may be more likely to
seek medical care for minor illness or for preventive care.
We were unable to explore whether the comparison groups
had significantly different health beliefs or propensity to
seek medical care for reassurance or preventive healthcare.
Further study is needed to elucidate whether these factors
could explain our findings.
After controlling for other cost-related confounders, the
households with ILI incurred an average of $281.46 in
increased medical costs. This result is consistent with the
findings reported by Loughlin and colleagues that the
average direct medical cost related to influenza in children
5–14 years of age was $94 for a child without complications,
increasing to $340 for a child with influenza-related
complications.10 Some medical services, such as inpatient
stays and inpatient and outpatient surgery, are the major
drivers of higher medical care payments. However, the
households with and without ILI in this study did not differ
significantly with respect to these cost-driving factors.
The costs of productivity losses associated with influenza
infection can also be substantial and in this study up to halfof the total increased costs incurred by households with ILI
were costs attributed to workdays lost due to one’s own
illness or to care for an ill household member. The additional
total workdays lost due to one’s own illness and caring for
other ill household members were similar in this study (1.12
days and 0.89 days, respectively) to a previous report of ILI
in Italian families with healthy children up to 14 years of
age, in which parents lost an average of 0.80 additional
workdays for their own illness and 0.66 more workdays to
care for ill children.14 After these lost workdays were
converted to a dollar amount, the fully employed and
medically insured households lost an additional $257.28 in
costs owing to workdays spent for both the worker’s own
illness and caring for an ill household member.
Our study had limitations, the principle one being the
reliance of MEPS in using self-reported responses. However,
AHRQ staff reported that they found agreement, based on
ICD-9 codes between household and provider reported
conditions in the overwhelming majority of cases.20 To
verify the reliability of using self-reported health status, the
priority conditions recorded in the consolidated file, which
were only available from 2000 through 2002, were examined
to ascertain whether any household member who was
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been diagnosed with a chronic condition (such as diabetes,
asthma, high blood pressure, heart disease, stroke, or
emphysema). The degree of agreement was calculated to
be greater than 73% between these two indicators. In
addition, we examined healthy subjects’ inpatient hospita-
lization files to ascertain reasons for any inpatient care.
More than 35% of the inpatient admissions in the self-
described healthy study population were for injury, appen-
dicitis, pregnancy, or delivery reasons. No specified cause
was provided for 12% of admissions. The remaining reported
hospitalizations were scattered among a wide range of ICD-9
diagnostic codes, none of which accounted for more than 1%
of total hospital admissions. Therefore, the self-described
health status was determined to be reasonably reliable. The
close correlation observed between the self-reported health
status with chronic medical conditions as well as inpatient
hospitalization affords a realistic expectation of accuracy in
the responses to the other queries in the interview.
In this study, medical expenses as well as work and school
days lost from ILI were estimated through linear regression
procedures while controlling other confounding factors. It is
possible that some portion of the observed effect from ILI
may be due to other confounding factors that were not
captured in MEPS. Further study is needed to determine if
this is the case.
This is the first study to estimate the incremental direct
and indirect costs incurred by healthy US households with
school-aged children in which one or more household
members experienced ILI. Our findings are consistent with
other studies that have evaluated the burden of influenza on
households with school-aged children.13,14,21,22 Our research
is supportive of previous findings that children are the main
transmitter of influenza infection through households and
communities as they tend to be infected early in epidemics
at higher rates than adults and to shed influenza virus for
longer periods of time.1,17,23,24
Our results are suggestive of other studies that have
highlighted the societal benefits of school-based influenza
vaccination programs. In the 1970s and 1980s, a program of
mandatory vaccination of school children was implemented
in Japan,18 and during the vaccination years there were
10,000–12,000 fewer deaths attributable to pneumonia and
influenza among the population as a whole. However, after
the mandatory vaccination program was discontinued in
1994, the rate of annual vaccination of school children
decreased significantly and was associated with a dramatic
increase in deaths due to pneumonia and influenza,
particularly among the elderly. Similarly, in a recent report
of a pilot school-based vaccination program conducted in
the US during the 2003–2004 influenza season, families of
children who attended schools that offered nasal influenza
vaccine experienced significant reductions in doctor or clinic
visits, use of prescription and non-prescription medications
as well as school and work absence rates for ILI compared
with control schools.19 The findings from these studies
suggest that the wider use of school-based vaccination
programs could significantly reduce both the direct and
indirect costs associated with influenza within communities.
In 2006, the CDC’s Advisory Committee on Immunization
Practices recommended routine influenza vaccination
for healthy children aged 24–59 months old.25 However,school-aged children are not yet included in recommenda-
tions for influenza vaccination.
In conclusion, our findings show that ILI is associated with
higher direct costs and more productivity losses as well as
school absenteeism. ILI imposes a substantial medical and
economic burden on US healthy households with school-aged
children. Policy makers should consider this and other
clinical and economic information while deliberating on
recommendations for vaccinating school-aged children
against influenza.Acknowledgments
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